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The  current  study  explored  the  role  of  valence  and  self-relevance  in  size  estimation  of neutral  and  aver-
sive animals.  In Experiment  1, participants  who  were  highly  fearful  of  spiders  and  participants  with  low
fear  of  spiders  rated  the  size  and  unpleasantness  of spiders  and  other  neutral  animals  (birds  and  butter-
ﬂies).  We  found  that although  individuals  with  both  high  and  low  fear  of  spiders  rated  spiders  as  highly
unpleasant,  only  the  highly  fearful participants  rated spiders  as  larger  than  butterﬂies.  Experiment  2
included  additional  pictures  of  wasps  (not  self-relevant,  but unpleasant)  and  beetles.  The results  of thisize estimation
ndividual differences
hobia
piders
elf-relevance
experiment  replicated  those  of  Experiment  1  and  showed  a similar  bias  in size  estimation  for  beetles,
but  not  for wasps.  Mediation  analysis  revealed  that  in  the  high-fear  group  both  relevance  and  valence
inﬂuenced  perceived  size,  whereas  in  the low-fear  group  only  valence  affected  perceived  size.  These
ﬁndings  suggest  that  the effect  of  highly  relevant  stimuli  on  size  perception  is  both  direct  and  mediated
by  valence.
© 2016  The  Authors.  Published  by  Elsevier  B.V. This  is  an  open  access  article  under  the  CC  BY-NC-ND. Introduction
Imagine that while reading these lines, a spider crawls on your
esk. You might refer to it as small and harmless, while your
pider-phobic co-worker would probably perceive it as huge and
ntimidating. These kinds of situations highlight the existence of
ndividual differences in size estimation of unpleasant stimuli. They
lso raise the question of whether the pair of words “huge” and
intimidating” represents more than a ﬁgure of speech. Namely, is
ize perception modulated by the emotional value of the stimulus?
he current study explored this question by examining the effects
f stimulus valence and relevance on size estimation among indi-
iduals who were afraid of spiders, relative to individuals with low
ear of spiders.
Several studies indicate that negative stimuli are perceived
s larger compared to neutral and positive stimuli (Teachman,
tefanucci, Clerkin, Cody, & Profﬁtt, 2008; van Ulzen, Semin,
udejans, & Beek, 2008; Whitehouse, Freeman, & Annandale,
988). van Ulzen et al. (2008) presented circles containing a
∗ Corresponding author at: Department of Cognitive Sciences, Ben-Gurion Uni-
ersity of the Negev, P.O.B. 653, Beer-Sheva 84105, Israel. Fax: +972 8 6433073.
E-mail address: labovich@post.bgu.ac.il (T. Leibovich).
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ttp://dx.doi.org/10.1016/j.biopsycho.2016.01.009
301-0511/© 2016 The Authors. Published by Elsevier B.V. This is an open access article 
/).license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
positive (dollar sign), negative (swastika) or a neutral (black square)
image, and asked participants to reproduce the size of the circles
(i.e., perceptual size matching). While participants underestimated
all the circles compared to their actual size, circles with negative
images were signiﬁcantly less underestimated than circles contain-
ing neutral or positive images. These ﬁndings imply that negative
stimuli are perceived as larger than neutral and positive stim-
uli. Additional evidence for bias in size estimation comes from
studies that used clinical or sub-clinical populations. Whitehouse,
Freedman, and Annandale (1986) found that women suffering from
bulimia overestimated their own  body size (as seen on a television
screen) compared to estimating the body size of a dummy. Par-
ticipants suffering from acrophobia stood on a balcony and were
asked to estimate the size of a disk on the ground. Acrophobic
participants estimated the size of the disk to be smaller than con-
trol participants did. Hence, the authors suggested that acrophobics
overestimated the height of the balcony (Teachman et al., 2008; see
also Clerkin, Cody, Stefanucci, Profﬁtt, & Teachman, 2009). Vasey,
Vilensky, Heath, Harbaugh, and Bufﬁngton (2012) found a posi-
tive correlation between size estimation of spiders and levels of
fear among spider-phobic individuals. Note, however, that while in
the aforementioned studies size perception was examined while
participants viewed the to-be-estimated object (Teachman et al.,
2008; van Ulzen et al., 2008; Whitehouse et al., 1986), Vasey et al.
(2012) covered the spider before the size assessment, thus making
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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served as reference points for the target picture’s size estimation.
A target picture appeared below the VAS. The size and location ofT. Leibovich et al. / Biologica
he size estimation memory dependent. Rachman and Cuk (1992)
ailed to ﬁnd bias in size estimation among spider-fearful indi-
iduals (although other perceptual distortions were observed; see
lso Riskind, Moore, & Bowley, 1995). Importantly, in addition to
ias in size estimation, emotional stimuli were found to be asso-
iated with expectancy bias (for a review see Aue & Okon-Singer,
015; Mühlberger, Wiedemann, Herrmann, & Pauli, 2006), atten-
ional biases (for a meta-analysis see Bar-Haim & Lamy, 2007; for
eview see Okon-Singer, Lichtenstein-Vidne, & Cohen, 2013), and
arious perceptual distortions (Rachman & Cuk, 1992).
It is noteworthy that except for van Ulzen et al.’s (2008) study,
he evidence for bias in size estimation (as well as other cogni-
ive biases) for unpleasant stimuli comes from studies that used
peciﬁc populations that considered the stimulus as highly rele-
ant; a spider presented to spider-phobic individuals (Mühlberger
t al., 2006; Vasey et al., 2012), wrist size to anorexic patients
Whitehouse et al., 1988), and height estimation to individuals
ho were afraid of heights (Stefanucci, Gagnon, & Lessard, 2011).
herefore, the stimuli that were associated with perceptual or cog-
itive bias in these studies were not only negatively valenced,
ut were also self-relevant for the speciﬁc individuals chosen to
ake part in these studies. Namely, individuals with speciﬁc pho-
ias (e.g., spider-phobia, fear of heights) or obsessions (e.g., body
eight for anorectic patients) are occupied by stimuli related to
heir phobias/obsessions on a daily basis. Thus, bias in size esti-
ation in these studies may  have resulted from two possible
actors—stimulus valence and its self-relevance to the participant.
n the current work we deﬁne a self-relevant stimulus as a stimulus
hat is personally signiﬁcant due to its relevance to the individ-
al’s concerns, occupation, or values (Bruner & Postman, 1948).
elf-relevant stimuli are present in the individual’s thoughts and
ctions on a daily basis, and are associated with either positive or
egative value (e.g., food for an anorectic patient, drug for an addict,
 character from a TV show for a dedicated fan).
Not only negative, but also positive self-relevant stimuli were
ound to be associated with perceptual and cognitive biases. For
xample, Bruner and Goodman (1947) showed that children from
 low socio-economic status, but not children from high socio-
conomic status, overestimated the size of a coin compared to the
ize of a circle. Assuming that the coins were perceived as positive
timuli for the low socio-economic children, these results support
he notion that the relevance of a stimulus to everyday life, and not
ts mere valence, alters size perception. Additional evidence comes
rom a study that showed that individuals who are afraid of spiders
ave an attentional bias toward pictures of spiders and similarly,
ndividuals who are fans of the series “Doctor Who” have an atten-
ional bias toward pictures of characters from the TV show (Purkis,
ester, & Field, 2011). The third evidence comes from addiction
tudies showing cognitive biases to stimuli depicting drug-related
tems (e.g., attentional bias among cocaine users: Hester, Dixon,
 Garavan, 2006; attentional and approach biases among smok-
rs: Mogg, Field, & Bradley, 2005; approach bias among alcoholics:
iers, Rinck, Dictus, & van den Wildenberg, 2009).
Taken together, the bias in size estimation reported in previous
tudies may  be explained both by the relevance of the unpleas-
nt object to the participants and by its aversive value. Moreover,
ost studies thus far assessed the perceptual size of an object, and
t is unknown whether the mental representation of self-relevant
npleasant stimuli is also subjected to bias in size estimation.
urthermore, it is unclear whether individuals who have a spe-
iﬁc phobia or psychological disorder would show a bias in size
stimation only for the disorder-related stimuli or also for other,
isorder-unrelated, unpleasant stimuli.
The current study includes two experiments. Experiment 1 was
esigned to explore whether self-relevance modulates bias in size
stimation for the mental representation of unpleasant stimuli.ology 121 (2016) 138–145 139
Speciﬁcally, we  asked whether individuals who consider spiders
to be highly self-relevant, according to the fear of spiders ques-
tionnaire (Klorman, Weerts, Hastings, Melamed, & Lang, 1974;
Okon-Singer, Alyagon, Kofman, Tzelgov, & Henik, 2011), would
imagine them as larger than individuals who do not consider spi-
ders as self-relevant. With that aim in mind, individuals with high
fear of spiders and individuals with low fear of spiders rated the
size and unpleasantness of spiders, birds and butterﬂies. In order
to evoke mental representations, pictures of the animals were pre-
sented and participants were asked to rate the size of these animals
in reality relative to the size of a ﬂy or a lamb.
As discussed above, self-relevance and/or stimulus valence can
alter size perception (e.g., Stefanucci et al., 2011; Whitehouse et al.,
1988). In addition, spider-phobic individuals show attentional and
expectancy biases toward spiders (Aue, Guex, Chauvigné, & Okon-
Singer, 2013; Aue, Hoeppli, Piguet, Sterpenich, & Vuilleumier, 2013;
Davey & Dixon, 1996; de Jong & Muris, 2002; Mühlberger et al.,
2006; Riskind et al., 1995; Teachman & Woody, 2003). Based on
such evidence, we predicted that individuals who are highly afraid
of spiders (from here on—highly fearful individuals, or high-fear
group) would show a larger bias in size estimation of spiders com-
pared to low-fear individuals (i.e., low-fear group). Speciﬁcally, we
expected that spiders would be rated as larger than neutral ani-
mals similar to spiders in size (i.e., butterﬂies), especially among
individuals in the high-fear group.
Experiment 2 was  designed to explore whether a bias in size
estimation also occurs for unpleasant stimuli that are not self-
relevant. Speciﬁcally, we  asked whether the size of an unpleasant
but irrelevant stimulus would be distorted. Experiment 2 included
pictures of wasps (unpleasant but irrelevant stimuli), in addition
to pictures of butterﬂies and spiders. If size bias is speciﬁc to self-
relevant objects, we  would expect to ﬁnd no difference between
the size estimation of wasps in both groups.
2. Experiment 1
2.1. Method
2.1.1. Participants
Twenty-seven students (all females—13 in the high-fear group
and 14 in the low-fear group) at Ben-Gurion University of the Negev
participated in the experiment for course credit. We  chose only
female participants due to the higher probability of women to suffer
from spider-phobia compared to men and in order to avoid poten-
tial gender effects (Okon-Singer et al., 2011). All participants had
intact or corrected-to-normal vision. Data from two participants
was excluded because of deviant unpleasantness ratings (more
than 2 SD above the mean unpleasantness rating of their group).
Hence, the total sample included 12 participants in the high-fear
group (mean age = 22.9 years, SD = .95) and 13 participants in the
low-fear group (mean age = 23 years, SD = .93).
2.1.2. Stimuli
The target stimuli included pictures of spiders, butterﬂies and
birds (7 different pictures of each; see Fig. 1A). All the pictures
appeared in the same physical size (250 × 250 pixels). A trial
included a line (visual analog scale, or VAS) ﬂanked by a picture
of a ﬂy to the left and a picture of a lamb to the right. These picturesthe VAS, the cursor, and the location of the target picture varied
randomly in order to encourage participants to rethink their map-
ping in every trial, and not to rely on previously mapped locations
(Wewers & Lowe, 1990).
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Fig. 1. Stimuli and procedure—Experiment 1. (A) Stimuli pictures—all stimuli were presented in the same physical size of 228 × 197 pixels. (B) An example of a typical trial.
The  same pictures of a ﬂy and lamb appeared in every trial with the stimulus to-be-rated appearing in a random position underneath. (C) Visual analog scale (VAS): the left
side  of the line equals 0%, representing small conceptual size (closer to a ﬂy) or low unpleasantness rating; the right side of the line equals 100%, representing large conceptual
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ffective Picture System; Lang, Bradley, & Cuthbert, 2008) while pictures of the othe
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.1.3. Procedure
.1.3.1. Screening. A questionnaire regarding fear of spiders
Klorman et al., 1974), already translated to Hebrew, taken from
kon-Singer et al. (2011), was distributed online and completed by
tudents. In addition to the original questionnaire, we  also included
ne question regarding fear of each of the other animals included in
he experiment (i.e., ﬂies, butterﬂies, birds and lambs) for screen-
ng purposes. The score in the fear-of-spiders questionnaire ranged
rom 0 to 31, with higher scores indicating greater fear of spiders.
ased on the scores of the ﬁrst 80 students who ﬁlled the ques-
ionnaire, we set the top 20% (i.e., a score over 11) as high fear and
he bottom 20% (i.e., score less than 6) as low fear. Thus, students
ho scored over 11 or under 6, and did not report fear of the other
nimals presented in the experiment, were invited to participate
n the experiment.
.1.3.2. Experimental task. The experimental task included two
arts. In the ﬁrst part, participants were requested to rate the
ypothesized real-world size of target pictures ranging from a ﬂy
o a lamb. Each trial began with a blank screen for 200 ms,  followed
y a VAS ﬂanked by pictures of a ﬂy and a lamb. The location of
he picture on the VAS indicated size estimations in percentages;
he left side (ﬂy picture) indicated a size of 0% (i.e., the size of a
y); the right side (lamb picture) indicated a size of 100% (i.e., the
ize of a lamb). Participants rated the size of target pictures (spider,
utterﬂy or bird) that appeared under the VAS by indicating a loca-
ion with the mouse cursor on the VAS (see Fig. 1C and B). The initial
ocation of the cursor on the line varied randomly. The VAS and pic-
ures remained on the screen until the participant responded but
ot for longer than 8 s. After 150 ms  of a blank screen, a new trial
egan. Six practice trials (with pictures of other animals) were fol-
owed by 4 blocks of 21 trials each [3 conditions (spider, butterﬂy,
ird) × 7 pictures]. In the second part of the experiment, partici-
ants were asked to rank on a VAS how unpleasant each picture
ade them feel. For that purpose, the VAS was ﬂanked with the
ords “not at all” to the left and “very unpleasant” to the right.
ach picture was rated once..2. Results
In order to verify that the questionnaire accurately differenti-
ted between the high-fear and the low-fear groups, we  examined illustration purposes. Pictures of spiders were taken from the IAPS (International
als were taken from “google images”. These pictures were labeled for reuse under
whether these two groups differed in the unpleasantness ratings
of the target pictures. Mean unpleasantness values were subjected
to a two-way mixed-measure analysis of variance (ANOVA) with
group (high-fear, low-fear) as a between-subject variable and con-
dition (spiders, birds and butterﬂies) as a within-subject variable.
We calculated the Bayes factor (BF) for every main effect and inter-
action. Bayes factors express the ratio between the evidence in favor
of the hypothesis relative to the null hypothesis. Bayes factors with
a value around 1 indicate that the analysis is not sensitive enough
and more data should be collected. Bayes factors over 3 suggest that
the analysis is sensitive enough in order to accept the experimen-
tal hypothesis (Dienes, 2008). Bayes factors were calculated using
JASP—a free software for statistical analysis (https://jasp-stats.org).
The Bayes factor of the main effect for group, for example, was 1e17.
Namely, this estimated BF (hypothesis/null) suggested that the data
were 1e17 more likely to occur under the model including a main
effect of group, rather than the model without it (Jarosz & Wiley,
2014).
Both main effects of group and condition were signiﬁcant when
unpleasantness served as dependent variable F(1, 23) = 101.98,
p < .0001, 2p = .82, BF = 1e17 and F(1, 23) = 167.08, p < .0001,
2p = .88, BF = 1e17, respectively. The interaction between group
and condition was signiﬁcant, F(2, 46) = 73.92, p < .0001, 2p = .76,
BF = 1.8e16. Planned comparisons revealed that the two  groups dif-
fered mainly in the unpleasantness ratings of the spider pictures
(i.e., high-fear group rated the spiders as more unpleasant than
the low-fear group; F(1, 23) = 86.74, p < .0001, 2p = .79, BF = 2.35e6).
In addition, both the low-fear and the high-fear groups rated
the spider pictures as more unpleasant than the other pictures,
F(1, 23) = 9.97, p < .005, 2p = .3, BF = 4.49e10 and F(1, 23) = 227.76,
p < .0001, 2p = .91, BF = 8.43e10, for birds and butterﬂies, respec-
tively. The results are illustrated in Fig. 2B.
To examine if the two groups differed in the size estimation
of the target pictures, mean size values were subjected to a two-
way mixed-measures ANOVA with group (high-fear, low-fear) as a
between-subject variable and condition (spiders, birds and butter-
ﬂies) as a within-subject variable. Both main effects of group and
condition were signiﬁcant when size served as dependent variable
2F(1, 23) = 5.7, p < .05,  p = .2, BF = 3.9, and F(1, 23) = 64.53, p < .0001,
2p = .74, BF = 3.49e12, respectively. The interaction between group
and condition was  marginally signiﬁcant, F(2, 46) = 3.07, p = .057,
2p = .12, BF = 4. Planned comparisons revealed that the two groups
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big. 2. Results—Experiment 1. (A) Size (0 = the size of a ﬂy, 100 = the size of a lamb
nd  condition.
id not differ in size estimation of birds and butterﬂies, F < 1, ns,  and
(1, 23) = 2.6, p = .12, BF = 0.45; 2p = .10, BF = 0.93, respectively. The
igh-fear participants, however, rated spiders as larger than the
ow-fear participants did, F(1, 23) = 7.71, p < .01, 2p = .25, BF = 4.88.
o examine whether both groups showed a bias in size estima-
ion, we compared the ratings of spiders and butterﬂies in each
roup. Results demonstrated that the high-fear group rated spi-
ers as signiﬁcantly larger than butterﬂies, F(1, 23) = 7.10, p < .05,
2p = 24, BF = 1.46. In contrast, in the low-fear group there was no
ifference between the size ratings of spiders and butterﬂies, F < 1,
s,  BF = 0.547. These results demonstrate that spider pictures were
stimated as larger than butterﬂy pictures only among individuals
ho are afraid of spiders (Fig. 2A).
. Experiment 2
Experiment 2 was conducted in order to explore whether bias
n size estimation is speciﬁc to self-relevant stimuli. Thus, wasps
ere added as unpleasant stimuli that are not self-relevant. We
lso added beetles as additional control animals that are similar to
piders in general shape and size.
.1. Method
.1.1. Participants
Seventy-four students (all females—44 highly fearful and 30
ow-fear participants) at Ben-Gurion University of the Negev partic-
pated in the experiment in return for course credit. All participants
ad intact or corrected-to-normal vision. Data from 10 partici-
ants was excluded for the following reasons: technical issues
problems with understanding the task, incomplete task, etc.: 6
articipants), deviation in unpleasantness (2 participants) or in
ize ratings (2 participants) of the stimuli by more than 3 SD
bove the mean rating of their group. Hence, the total sample
ncluded 64 participants; 38 participants in the high-fear group
mean age = 22.74 years, SD = 1.73) and 26 participants in the low-
ear group (mean age = 23.35 years, SD = 1.14)..1.2. Stimuli
The target stimuli included pictures of spiders, wasps, beetles
nd butterﬂies (7 different pictures of each). Pictures of spiders and
utterﬂies were identical to those used in Experiment 1. (B) unpleasantness (0 = “not at all”, 100 = “very unpleasant”) estimations by group
3.1.3. Procedure
3.1.3.1. Screening. The fear-of-spiders questionnaire was dis-
tributed online among university students. Students who scored
over 11 or under 8 in the questionnaire were invited to participate
in the experiment. Individuals who  participated in Experiment 1
were not allowed to participate in Experiment 2.
3.1.3.2. Experimental task. The experimental task was similar to
that of Experiment 1 with two changes. First, the target animals
included wasps and beetles in addition to spiders and butterﬂies
and the bird pictures were removed. Second, because we  no longer
used pictures of birds, the reference picture of the larger size at the
right end of the VAS was a picture of a rabbit (Fig. 3).
3.2. Results
Similar to Experiment 1, in order to verify that the ques-
tionnaire accurately differentiated between the high-fear and the
low-fear groups, we examined whether these two  groups differed
in the unpleasantness ratings of the target pictures. Mean unpleas-
antness values were subjected to a two-way mixed-measure
ANOVA with group (high-fear, low-fear) as a between-subject
variable and condition (spiders, wasps, beetles and butterﬂies)
as a within-subject variable. Both main effects of group and
condition were signiﬁcant when unpleasantness served as depen-
dent variable F(1, 62) = 43.76, p < .0001, 2p = .41, BF = 1e17, and
F(1, 62) = 83.57, p < .0001, 2p = .57, BF = 1.53e12, respectively. The
interaction between group and condition was  signiﬁcant, F(3,
186) = 15.49, p < .0001, 2p = .2, BF = 1.18e7. Planned comparisons
revealed that all the animals except for butterﬂies were rated as
more unpleasant in the high-fear group. However, as suggested
by the effect sizes, the difference between the unpleasantness rat-
ings of spiders was the highest; F(1, 62) = 71.13, p < .0001, 2p = .53,
BF = 8.38e8; F(1, 62) = 18.24, p < .0001, 2p = .23, BF = 309.3; F(1,
62) = 14.98, p < .001, 2p = .19, BF = 95.69, and F(1, 62) = 1.4, p = .25,
2p = .02, BF = 0.45, for spiders, beetles, wasps and butterﬂies,
respectively. The results are illustrated in Fig. 4B.
In order to examine whether the two groups differed in the size
estimation of the target pictures, mean size values were subjected
to a two-way mixed-measures ANOVA with group (high-fear, low-
fear) as a between-subject variable and condition (spiders, wasps,
beetles and butterﬂies) as a within-subject variable. Both main
effects of group and condition were signiﬁcant when size served
142 T. Leibovich et al. / Biological Psychology 121 (2016) 138–145
Fig. 3. Stimuli and procedure—Experiment 2. (A) Stimuli pictures included wasps and beetles (depicted here), and also spiders and butterﬂies from Experiment 1. (B) An
example of a typical trial. The same pictures of a ﬂy and a rabbit appeared in every trial with the stimulus to be rated appearing in a random position underneath.
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nd  condition.
s dependent variable F(1, 62) = 7.07, p < .0001, 2p = .1, BF = 5.05,
nd F(1, 62) = 11.91, p < .0001, 2p = .16, BF = 3.89e5, respectively.
he interaction between group and condition was  marginally
igniﬁcant, F(3, 186) = 2.18, p = .09, 2p = .03, BF = 1.99. Planned
omparisons revealed that the two groups did not differ in size esti-
ation of wasps, F < 1, BF = 0.38 or butterﬂies, F(1, 62) = 2.6, p = .11,
2p = .04, BF = 0.76. The highly fearful participants, however, rated
oth spiders, F(1, 62) = 7.62, p < .001, 2p = .11, BF = 5.86 and bee-
les, F(1, 62) = 7.21, p < .001, 2p = .10, BF = 0.76, as larger than the
ow-fear participants. In order to examine whether both groups
howed bias in size estimation, we compared the ratings of spiders
nd butterﬂies in each group. Results demonstrated that similar
o Experiment 1, the high-fear group rated spiders as signiﬁcantly
arger than butterﬂies, F(1, 62) = 6.63, p < .05, 2p = 10, BF = 1.82. In
ontrast, in the low-fear group there was no difference between the
ize ratings of spiders and butterﬂies, F < 1, ns,  BF = 0.29. The results
re illustrated in Fig. 4A.
In order to compare the inﬂuences of valence and relevance,
e compared the size and unpleasantness ratings of spiders and
asps. Spiders were considered unpleasant in both groups, but
ere self-relevant only for the high-fear group. Wasps were consid-
red unpleasant, but irrelevant for both groups. Participants in the
igh-fear group rated wasps as more unpleasant compared to par-
icipants in the low-fear group, F(1, 62) = 71.13, p < .001, 2p = .53,
F = 95.69. Participants in both groups, however, rated the size of
asps similarly, F < 1, BF = 0.383. Thus, although wasps were rated (B) unpleasantness (0 = “not at all”, 100 = “very unpleasant”) estimations by group
as more unpleasant in the high-fear compared to the low-fear
group, they were not perceived as larger by the high-fear group.
These results imply that unpleasantness by itself is less likely to
account for the bias in size estimation found in the high-fear group.
In addition, these results suggest that bias in size estimation among
highly fearful individuals is speciﬁc for a self-relevant stimulus and
is not observed for other unpleasant stimuli.
The beetles in the experiment were used as control stimuli that
bear some physical resemblance to spiders but are less unpleas-
ant. Compared to the low-fear group, participants in the high-fear
group rated beetles to be more unpleasant, F(1, 62) = 18.24, p < .001,
2p = .10, BF = 309.3, and larger, F(1, 62) = 7.21, p < .01, 2p = .22,
BF = 4.96. Although we  did not predict beetles to show a similar
pattern of results to that of spiders, the verbal debrieﬁng of partic-
ipants at the end of the experiment may  help explain this ﬁnding.
Speciﬁcally, when we asked participants which pictures appeared
in the task, most of them referred to the beetles as cockroaches.
Thus, we  believe that the beetles were self-relevant to the high-
fear group, as it is known that there is a high comorbidity between
phobia of spiders and phobia of cockroaches (Kendler, 1993).
3.3. The relationship between self-relevance, valence, and size
estimation
Although wasps were rated as more unpleasant in the high-
fear compared to the low-fear group, they were not perceived
T. Leibovich et al. / Biological Psych
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our results provide the ﬁrst evidence for a bias in size estimationig. 5. Mediation model for the relationship between relevance, valance (unpleas-
ntness) and spider size in the high-fear group. B = direct effect; B′ = indirect effect.
s larger by the high-fear group. These results may  suggest that
npleasantness by itself cannot account for bias in size estima-
ion. However, this ﬁnding does not rule out the possibility that
npleasantness mediates the effect of relevance on size estima-
ion. In order to test this suggestion, we used the data from both
xperiments, resulting in 89 participants; 50 in the high-fear group
nd 39 in the low-fear group. Speciﬁcally, we examined whether
he link between self-relevance (assessed using the fear of spiders
uestionnaire score) and size estimation for the spider pictures
as mediated by spider valence (unpleasantness rating). Before
onducting the mediation analysis, we correlated these variables
eparately for the low-fear and the high-fear groups. In the low-fear
roup, unpleasantness was positively correlated with spider size
r = .47, p = .002). There were no other signiﬁcant correlations. In the
igh-fear group we found a positive correlation between spider size
nd relevance (r = .34, p = .013), between spider size and unpleas-
ntness (r = .3, p = .03), and between unpleasantness and relevance
r = .33, p = .019). Because both the correlation between unpleas-
ntness and relevance and the correlation between unpleasantness
nd size were signiﬁcant, we could use mediation analysis to test
hether unpleasantness mediated the link between relevance and
ize estimation in the high-fear group. The mediation analysis was
erformed using the bootstrapping method with bias-corrected
onﬁdence estimates (Preacher & Hayes, 2008). The 95% conﬁdence
nterval of the indirect effect was obtained with 5000 bootstrap
esamples (Preacher & Hayes, 2008). Results of the mediation
nalysis revealed a mediating role for unpleasantness in the rela-
ion between relevance and size that was marginally signiﬁcant
B′ = .946, t(48) = 1.96, p = .056). Importantly, the results also indi-
ated a direct link between relevance and size when controlling
or valence (B = 1.19; CI = .028–.67), suggesting that the correla-
ion between self-relevance and size is only partially mediated by
npleasantness. Fig. 5 displays the results.
These ﬁndings suggest a role for valence in size estimation. In
oth groups, individuals who rated the spiders as more unpleasant
lso rated them as larger. However, among the high-fear group, the
ink between self-relevance and size estimation was also present
hen controlling for valence.
. Discussion
In the current study, participants who were highly fearful of
piders and participants with low fear of spiders rated the size
f spiders and other animals. The results of Experiment 1 demon-
trated that although both groups rated the spider pictures as more
npleasant than the other pictures, only the highly fearful partici-
ants overestimated the size of spiders compared to butterﬂies. The
esults of Experiment 2 replicated these ﬁndings and indicated that
 bias in size estimation among highly fearful individuals was  spe-
iﬁc to relevant stimuli (spiders and presumably beetles) and was
ot observed for non-relevant unpleasant stimuli (wasps). Media-
ion analysis conducted on the data of highly fearful participantsology 121 (2016) 138–145 143
in both experiments revealed that the relationship between self-
relevance and size estimation was  partially mediated by valence.
Our results comply with the notion that the relevance of a
stimulus to the individual modulates the way it is perceived. In
line with this notion, Purkis et al. (2011) found that both posi-
tive and negative self-relevant stimuli (e.g., spiders to individuals
with fear of spiders; scenes from a TV series to its fans) were
detected faster than stimuli that were not self-relevant. In addition,
Witt, Linkenauger, Bakdash, and Profﬁtt (2008) found that golf
players who excel in the game overestimate the size of the golf
hole (a self-relevant stimulus). In the current study, the role for
self-relevance in size perception was supported by two ﬁndings.
First, although spiders were rated as more unpleasant than butter-
ﬂies among the low-fear group, the size of spiders and butterﬂies
was estimated to be similar in this group. This result implies that
unpleasant stimuli are not associated with bias in size estimation
in individuals who do not consider these stimuli as self-relevant.
Second, although wasps were rated as more unpleasant than but-
terﬂies, the size of wasps was estimated to be smaller than the size
of butterﬂies (in both the high- and low-fear groups).
Although these results may  imply that stimulus valence does not
play a role in size estimation, we did observe a positive correlation
between unpleasantness and spider size, in both the low- and the
high-fear groups. The correlation between unpleasantness and size
among low-fear individuals ﬁts earlier ﬁndings showing a valence
effect on size estimationin healthy individuals (van Ulzen et al.,
2008). Among highly fearful individuals, unpleasantness medi-
ated the relationship between relevance and size. Nonetheless, this
mediation was  only partial since the link between relevance and
size was marginally signiﬁcant when controlling for valence. There-
fore, while valence seems to have a role in size estimation, this role
is not as robust as the role of self-relevance.
Findings of the current study may  provide an important insight
to the understanding of emotional processing. Emotional stim-
uli that have evolutionary value, such as spiders, are considered
to be perceived automatically (unconsciously and uncontrollably;
Öhman, Flykt, & Esteves, 2001). This notion is based on studies
that showed attentional and perceptual biases for spiders com-
pared to other (non-threatening) animals (e.g., New & German,
2015; Öhman et al., 2001). A recent study (New & German, 2015)
employed an attentional-blink paradigm and found that people
are more likely to detect spiders than modern threats (hypoder-
mic  needles) or non-threatening animals (houseﬂies). Accordingly,
the authors suggested that humans are evolutionarily predisposed
to perceive spiders as relevant stimuli. Our ﬁndings suggest that
even if spiders were detected faster than other animals due to some
(unknown) evolutionary mechanism, they would be associated
with size-related distortions only when unpleasant or self-relevant
to the individual.
Our results converge with previous ﬁndings demonstrating
a positive correlation between size estimation and fear ratings
among individuals who are afraid of spiders; Vasey et al. (2012)
introduced a live spider to spider-phobic participants, covered it,
and asked participants to estimate the physical size of the spider
by drawing a line on an index card. In addition, participants had to
estimate their fear level while seeing the spider. The authors found
a correlation between reported fear-level and size estimation. The
current study expands the ﬁndings of Vasey et al. (2012) in several
ways. First, the inclusion of a control group (low-fear individuals)
and additional (both unpleasant and neutral) animals enabled us
to demonstrate that bias in size estimation occurs mostly among
individuals who perceive spiders as self-relevant stimuli. Second,for the conceptual size (mental representation) of spiders. Third,
the bias in size estimation of spiders observed in the current work
was not modulated by short-term memory processes (as may  be
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he case in the study presented in Vasey et al., 2012), but rather by
he “prototype” size of a spider stored in long-term memory.
The current study has several limitations. First, our study
annot fully dissociate the effects of self-relevance and valence
n size perception due to the correlation between these two
onstructs. The valence of self-relevant stimuli would usually
e either positive or negative. Thus, valence should be taken
nto account when assessing the inﬂuence of self-relevance on
ognitive and perceptual biases. Nonetheless, our ﬁndings reveal
hat valence and self-relevance are correlated only among individu-
ls who perceive spiders as both highly relevant and highly aversive
high-fear group), but not among individuals who do not consider
piders as self-relevant (low-fear group). In addition, mediation
nalysis revealed that although valence plays a role in the associa-
ion between self-relevance and size estimation, this association
xists even when controlling for valence. Therefore, we believe
hat self-relevance plays a more crucial role in size estimation than
alence does. A second limitation concerns the fact that our con-
lusions are limited to stimuli that are self-relevant and have a
egative value for the observer. In line with previous data show-
ng that self-relevant positive stimuli (e.g., the size of golf hole to
olf players (Witt et al., 2008), and attention to characters from
 loved TV show (Purkis et al., 2011) can result in perceptual and
ttentional biases, we believe that the degree to which a stimulus is
elf-relevant to an individual may  affect size estimation to a larger
xtent than the emotional value of the stimulus. However, further
esearch is needed before a ﬁrm conclusion can be made. Third, our
ample size in Experiment 1 was rather small. However, the results
f Experiment 1 were replicated in Experiment 2, which included
 larger sample size. Nevertheless, some of our Bayes factors in
he post-hoc analyses fell between 1.5 and 3, suggesting that even
hough the analyses were sensitive enough to accept the experi-
ental hypothesis, collecting more evidence might strengthen our
ndings. We  hope that by reporting the Bayes factor values, and
ot just p-values, the readers will be able to evaluate more crit-
cally the strength of our conclusions. Forth, our assessment of
he unpleasantness of pictures cannot indicate whether the effects
esulted from the levels of threat or the level of disgust associated
ith the pictures. This distinction may  be especially interesting
ollowing our results of bias in size estimation for the beetle pic-
ures. Most of the participants perceived the beetles as cockroaches,
hich are usually associated with a feeling of disgust (Tucker &
ond, 1997). Previous ﬁndings indicate that threat and disgust can
ffect distance perception differently (Cole, Balcetis, & Dunning,
013), highlighting the importance of assessing the differences and
ommonalities of these two types of emotions. Additional research
argeting the different emotions associated with perceptual biases
or self-relevant stimuli may  help to uncover the speciﬁc mecha-
ism subserving these biases. In addition, it is important for further
esearch to measure levels of arousal in addition to the speciﬁc
motions that the stimuli evoke, as well as levels of self-relevance
f “control” stimuli. A ﬁfth limitation concerns the inability of our
tudy to estimate the magnitude of the size bias. Speciﬁcally, we
o not have information regarding the actual size of the animals
n reality. Each animal category included different species that had
ifferent sizes (e.g., the spider category included pictures of a brown
ouse spider, which is relatively small (6–9 mm),  but also pictures
f a tarantula, which is relatively large (2.5–10 cm)). We  were inter-
sted in the mental representation that participants had for these
nimals and thus asked participants to rate their relative size in
omparison to small (ﬂy) and large (lamb, bunny) animals. This
esign was very effective in detecting differences in size estimation
etween the low and the high-fear groups, but was unable to indi-
ate whether spider-fearful individuals rated the spiders as larger
han they actually are in real-life. It may  be that low-fear individu-
ls underestimated the size of the spiders compared to their actualology 121 (2016) 138–145
size. Another possibility is that individuals with both low and high
fear of spiders rated spiders as larger than they actually are, but this
bias was more pronounced among the highly fearful individuals.
To summarize, the current work demonstrates that size distor-
tion is modulated by the relevance of the stimulus to the observer,
as well as its aversive value. Thus, to answer the question presented
in the introduction, we  suggest that both valence and self-relevance
play a role in size perception.
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